ABSTRACT
INTRODUCTION
Hepatocellular carcinoma (HCC) is the fifth most commonly diagnosed malignancy worldwide [1] . Although hepatic resection and liver transplantation are accepted first-line curative treatments for well-selected HCC patients, the prognosis of HCC patients following hepatectomy is not always favorable because of a significant chance for intrahepatic recurrence and distant metastasis, which contribute to the high mortality rate of HCC patients [2, 3] .
Although intrahepatic relapse is the most common form of recurrence of HCC postoperatively, extrahepatic metastasis (EHM) can count for 14%-25.5% of all recurrent cases [4, 5] .
Recently, therapy for intrahepatic lesions was improved because of modalities applicable to primary lesions, such as surgery, transarterial chemoembolization, and radiofrequency ablation [2] . However, treatment options for EHM are relatively limited, especially when metastases present as the "diffuse form" or are accompanied by advanced intrahepatic recurrence [6, 7] . Currently, the detection of EHM is more sensitive and accurate with the development of imaging modalities [8, 9] . Furthermore, the management of some solitary HCC metastases in the lung, adrenal gland, and peritoneum have led to promising outcomes [10 -12] . In particular, in the study of Lo et al [13] , a mean survival time of 20 months was achieved in 12 HCC patients who received surgical resection for solitary metastasis in the lung or abdomen. Recent studies have shown that the targeted drug sorafenib not only led to longer overall survival times in patients with advanced HCC with EHM in clinical trials but also suppressed postsurgical intrahepatic and distant HCC metastasis in orthotopic mouse models [14 -16] , making it a potential choice for postoperative EHM therapy. Therefore, it is important to identify HCC patients at high risk for postoperative EHM, which may facilitate not only to find smaller and fewer EHM lesions but also to identify patients who might benefit from potential adjuvant therapies, such as sorafenib. Exploration of biomarkers is a promising way to determine the prognosis of HCC patients [17, 18] , but a marker with great clinic implications is still lacking, and accurate and practical methods based on clinicopathological characteristics to predict EHM are still urgently needed.
In this study, we investigated the incidence of EHM in a cohort of 578 HCC patients after curative hepatectomy, analyzed a panel of independent risk factors, and established a predictive scoring system to estimate the risk for EHM. We also evaluated the predictive power of this new system in a subgroup of early-stage (Barcelona Clinic Liver Cancer [BCLC] stage 0 -A) [19] HCC patients.
MATERIALS AND METHODS

Patients
In February 1998 to July 2001, 649 consecutive HCC patients who underwent hepatectomy at the Eastern Hepatobiliary Surgery Hospital were evaluated. Patients who met all the following criteria were enrolled in this study for further analyses: (a) World Health Organization performance status score of 0 -1 before treatment, (b) no history of previous anticancer therapy, (c) no distant metastasis at the time of diagnosis, (d) curative hepatectomy, (e) pathological diagnosis of HCC in all resected tumors, and (f) no history of other malignancies. A curative hepatectomy was defined as follows: (a) resection of all macroscopic tumors demonstrated by intraoperative ultrasound; (b) no tumor cells observed at the surgical margin on histological examination; (c) no tumor invasion into the portal vein, hepatic vein, or bile duct; (d) no residual tumors detected using contrast-enhanced computed tomography (CT) within 2 months after surgery; and (e) decrease in postoperative serum ␣-fetoprotein (AFP) to within the normal range in patients with a positive preoperative AFP. Finally, 578 HCC patients who met the above criteria comprised the study cohort and were followed up for EHM occurrence (Fig. 1) .
Clinical staging was determined according to the BCLC staging system. Levels of serological indices were evaluated preoperatively and pathological features of tumors were documented after completion of histopathological study of the resected specimens. The tumor differentiation grade was assigned based on the Edmondson-Steiner classification. This study was approved by the institutional review board. Informed consent was obtained from each patient before surgery.
Follow-Up Studies
Patients were followed up with clinic visits every 2 months during the first 2 years after surgery and then every 3-6 months thereafter. Follow-up ended on June 28, 2009. At each follow-up visit, a complete history and physical examination were obtained, a blood sample was drawn for serum AFP assay and liver function tests, and tumor recurrence was monitored using ultrasonography and chest x-ray. When any recurrence or metastasis was suspected, a CT, hepatic arteriography, or magnetic resonance imaging scan was performed for confirmation. A bone scintigraphy was performed if there was a complaint of local bone pain. Positron emission tomography-CT was also conducted in some patients with suspected metastasis in recent years.
Diagnosis of Postoperative EHM
The diagnosis of EHM was based on the following observations: (a) the development of new lesions that were not found in prior imaging studies or the enlargement of existing lesions detected on dynamic imaging examination following initial resection for HCC, (b) elevation in AFP levels that were high preoperatively but dropped to within the normal range after surgery, (c) histopathological study of extrahepatic lesions in some patients who underwent re-resection for recurrence of HCC, (d) no other malignancies diagnosed on clinical examination when EHM was detected [20, 21] . Only EHM diagnosed prior to or simultaneously with intrahepatic recurrence was recorded for the purpose of this study. EHM that occurred after intrahepatic recurrence was excluded from our analysis because it could be a sequential metastasis from recurrent lesions rather than from the primary tumor that had been resected. 
Statistical Analysis
Time to EHM identification prior to or simultaneously with initial intrahepatic recurrence during follow-up and the overall survival duration were considered as endpoints in this study. Time to EHM was calculated from the date of surgery to the date when any initial EHM recurrence of interest was diagnosed or to the last visit before June 28, 2009. The overall survival time was the interval between the date of liver resection and the date of death or last follow-up. The statistical analysis was performed using Stata 12 for Windows (StataCorp LP, College Station, TX). Categorical variables were compared using the 2 test or Fisher's exact test, and continuous variables were compared using Student's t-test. Survival curves were calculated using the Kaplan-Meier method and were compared using the log-rank test. Competing-risks Cox regression analysis was used for the multivariate analysis.
A predictive scoring system was formulated following the method described by Hastie et al. [22] and Yuen et al. [23] . Briefly, the scoring system was constructed as a weighted sum of independent risk factors for EHM. The weights were taken as the corresponding estimated coefficients in a Cox regression analysis after being divided by the smallest coefficient and rounded to the nearest integer.
The accuracy of the scoring system for predicting EHM at 10 years was estimated using receiver operating characteristic (ROC) curve analysis [24] . The area under the curve (AUC) was then calculated for measuring the overall prediction accuracy. The predictive ability was evaluated as "poor" when the AUC was 0.6 -0.7, "fair" when it was 0.7-0.8, "good" when it was 0.8 -0.9, and "excellent" when it was 0.9 -1.0 [25] . A 95% confidence interval (CI) for the AUC was obtained by sampling the 589 patients for 1,000 bootstrap samples with the confidence limits calculated as the 2.5th and 97.5th percentiles. The score was assessed using leave-one-out crossvalidation in order to assess the performance in new data [26] . Specifically, the first of the 578 patients was dropped before we redid the determination of the weights for calculating a risk score. The weights were used to calculate the score for the first patient. Similarly, the second patient was dropped before its score was calculated based on the other 577 patients. The process continued until all patients had their score calculated.
The optimal cutoff value for the prediction of EHM development was determined by maximizing the Youden index, that is, sensitivity ϩ specificity Ϫ 1, calculated from the ROC analysis. The accuracy of using this value was assessed using the sensitivity, specificity, predictive values, and likelihood ratios. Their 95% CIs were again obtained using 1,000 bootstrap samples. The cutoff value was also crossvalidated by the leave oneout method.
RESULTS
Patient Data and Clinicopathological Characteristics of Tumors
The demographics of the 578 patients and the clinicopathological characteristics of their tumors are summarized in Table 1 . The median follow-up time was 5.42 years (range, 0.12-11.70 years) and the median time to EHM was 1.20 years (range, 0.12-8.59 years). Two hundred fifty patients had intrahepatic recurrences alone and 136 patients presented with extrahepatic metastases prior to or simultaneously with intrahepatic recurrence. Of these, pathological examination of the extrahepatic lesions was performed in 15 patients and both types of EHM were identified in six patients. The organs involved with EHM were the lung (n ϭ 57), lymph node (n ϭ 27), abdominal cavity (n ϭ 22), bone (n ϭ 18), brain (n ϭ 8), adrenal gland (n ϭ 5), and other less common sites (n ϭ 5).
The overall survival rates at 1, 3, 5, and 10 years were 71.7%, 24.2%, 10.0%, and 2.6% for patients with extrahepatic metastases and 84.2%, 44.9%, 34.1%, and 15.7% for those with only intrahepatic recurrence, respectively. The differences in survival rates between the two groups were significant at all time points (p ϭ .001), indicating that the prognosis of patients with EHM was significantly poorer than that of patients with intrahepatic recurrence alone. Table 2 shows the results of the univariate comparison and multivariate analysis with the Cox proportional hazard competing-risks regression model. Univariate comparison showed that elevated serum AFP (Ն400 ng/mL), larger tumor diameter, a tumor with incomplete or no capsule, the presence of microvascular invasion (MVI), and BCLC stage B were all statistically associated with a higher risk for EHM. Multivari- 
Factors Associated with a Higher Risk for EHM
Prediction Scoring System for EHM
A predictive system that integrated all the significant independent factors was formulated as 26 ϫ MVI (presence ϭ 1, absence ϭ 0) ϩ 25 ϫ capsule (incomplete ϭ 1, complete ϭ 0) ϩ diameter (in cm).
In this scoring system, the hazard ratio (HR) for EHM after resection was 1.10 (95% CI, 1.08 -1.12; p Ͻ .001), indicating that the risk for developing EHM increases by 10% when the score value increases by one. The AUC was 0.81 (95% CI, 0.81-0.90). The accuracy of this system in predicting the 10-year risk for EHM was evaluated as "good" based on the predictive ability criteria. After optimizing with Youden's index, the optimal cutoff value was determined as 43, suggesting a higher risk for EHM in patients with a score Ն43. The high sensitivity and specificity of this cutoff value in predicting EHM were validated using leave-one-out validation (Table 3) . To further confirm that this scoring system is more accurate in assessing the risk for EHM than any single independent factor alone, the AUC of EHM prediction using this system was compared with those using each of the single factors. The AUCs of all three risk factors individually were Ͻ0.70, all smaller than the AUC of scoring system (p Ͻ .01) (Fig. 2A) .
Evaluation of the Scoring System in BCLC Stage 0 -A Patients
There were 430 BCLC stage 0 -A patients in our cohort, and our scoring system was also evaluated by predicting the postoperative risk for EHM in these patients. When the cutoff value was set at 43, the scoring system yielded an AUC of 0.82, a sensitivity of 90.38%, and a specificity of 64.88% in predicting EHM (Table 3 ). The AUC of this scoring system was larger (p Ͻ .01) (Fig. 2B) than that of any single independent factor.
DISCUSSION
In this study, we established a scoring system to predict the risk for EHM following curative resection of resectable HCC. Our results further showed that this scoring system performed efficiently in predicting postoperative EHM probability in patients with BCLC stage 0 -A HCC, suggesting that the system might serve as a prognostic reference for early-stage HCC patients. To our knowledge, this is the first clinical scoring system for EHM prediction in HCC patients following hepatectomy.
Some of the predictive factors identified in this study have been reported previously. MVI, for example, was found to be the independent factor with the highest HR value (Table 2) . MVI was correlated with intrahepatic metastasis after curative resection and it could predict a poor prognosis [27, 28] . In cancer biology, vascular invasion is a hallmark of tumor progression [29] . In our study, most patients (100 of 136) who developed EHM also had Abbreviations: CI, confidence interval; HR, hazard ratio.
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EHM Prediction for HCC after Curative Hepatectomy MVI; therefore, patients with MVI might be more susceptible to develop EHM after HCC resection. Fibrous capsule resulting from expansive growth of cancer cells and condensed collagen or reticulin fibers are unique characteristics of HCC and act as a barricade preventing the spread of cancer cells [30, 31] . Although the influence of the capsule on the extrahepatic spread of HCC has not been well studied, encapsulated HCCs are generally associated with a much lower incidence of direct invasion, tumor microsatellites, and vascular invasion than nonencapsulated HCCs [32] . Consistent with this, our results also showed that an incomplete capsule or the lack of a capsule was an independent risk factor for postoperative extrahepatic HCC metastasis. In tumors with no capsule or an incomplete capsule, it is easier for cancer cells to directly contact the surrounding liver parenchyma, eventually causing the destruction of the extracellular matrix and migration into the circulation [33] .
Tumor size is one of the most important predictive factors for HCC progression [34, 35] . It has been included in almost all staging systems for HCC, and it was also identified as the third risk factor in our study. In addition, tumor size may also be correlated with the other two risk factors. The presence of a capsule in HCC is negatively associated with tumor size. A capsule is normally found in 84% tumors of 2-5 cm in diameter [36] . When tumors grow to Ͼ5 cm in diameter, the capsule usually disappears and can only be detected in 45% of tumors [36, 37] . In contrast, tumor size is positively correlated with the presence of MVI. The possibility of MVI presence is higher in larger tumors [38] . All these facts may suggest the potential mechanisms by which liver cancer cells migrate extrahepatically with increasing tumor size. Nevertheless, no multicollinearity of these variables included in the present study was verified (data not show), which suggests that our regression model was fitted appropriately. Our analysis revealed that the pathological features of HCC may be the main predictors of postoperative EHM. However, any single risk factor alone failed to yield a highly accurate prediction of postoperative EHM. For example, in our cohort, 275 patients were MVI positive, and only 31.9% of them developed EHM. Furthermore, none of the single factors yielded an AUC at the level of "fair." Because HCC patients often possess multiple and coexisting risk factors, our scoring system, constructed with a weighted sum of independent risk factors, predicted postoperative EHM with an AUC at the level of "good." Because all three variables could be measured on regular pathological examination, the clinician may be able to easily quantify the risk for postoperative primary malignancy of each patient using this system.
Our study is limited in that the diagnosis of EHM was mainly based on clinical examinations and imaging studies (n ϭ 121), and thus we cannot rule out the possibility that extrahepatic primary malignancy (EHPM), non-EHM lesions of HCC might exist in our series. However, the number of patients with EHPM after HCC detected may be small. Previous studies indicated that the mean estimated prevalence of EHPM in patients with HCC was ϳ5.8%, and that more than half of these EHPMs occurred prior to the diagnosis of HCC [39 -41] . Therefore, the incidence of EHPM after HCC may be Ͻ3%, in which case the highest estimated number of these patients in our study would be about four. Furthermore, the following evidence could support the diagnosis of EHM from HCC. Firstly, dynamic changes in serum AFP level are helpful for diagnosis. In the patients with postoperative EHM and highly preoperative level of AFP (Ն100 ng/mL) included in this study, a majority of them (66%) presented re-elevated level of AFP when their extrahepatic lesions were detected. Secondly, the clinical or imaging characteristics of most EHPMs can be used in the differential diagnosis of EHM. Finally, the most common organs involved with EHM from HCC are the lungs, adrenal gland, bone, and peritoneum, which are consistent with our results and different from the common site of EHPMs, which is frequently the stomach, colorectum, and breast [39 -41] . Therefore, the low incidence of EHPM after a diagnosis of HCC and our stringent diagnostic criteria for EHM in HCC patients make the results of this study reliable.
Postoperative EHM remains a critical factor affecting the prognosis of HCC patients after curative hepatectomy. The proposed predictive scoring model in this study may serve as a useful reference for clinicians to screen high-risk populations and to explore early clinical interventions. With advances in tumor biology and translational medicine, molecular markers with clinical applicability and their combination with the clinicopathological features of the tumor may offer greater predictive power to identify patients at high risk for EHM.
